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Program Obijective SWALES

COHE 552
CRYGLI NI S
& FLUIDS

Design and analyze a flight qualified cryocooler bracket for the Alpha
Magnetic Spectrometer-02 project. The analysis should include
structural analysis, flight loads analysis and thermal analysis.

— Cryocooler structural support with mechanical isolation to allow
balancer to reduce cooler vibration

» Accommodate launch loads with appropriate factors of safety
» Provide fundamental frequency between 35 and 50 Hz

— Provide thermal isolation between cooler heat rejection and
vacuum case

— Assist and accommodate cooler heat rejection by loop heat pipe
provided

— Maintain vacuum case seal using provided dual o-ring design
Deliverables

— Bracket design drawings

— Analysis reports

9/9/02




Design Description SwaLEs
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Structural Interface
| with the Vacuum Case

LHP Transport Lines
(coiled to allow compliance) |

Loop Heat Pipe (LHP)
Evaporators (Qty 2)

Vacuum Case |

Bellows
Assembly

Evaporator
/ Heat

Rejection

Collar

Blade |

3 Flexure
Support Housing | ————

- Passive Balancer | 7 | Cryécooler
Support
Assembly

Ring Flexure

9/9/02 4
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Design Introduction
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Geometry overview

Mechanical interfaces & requirements
— AMS-02 interface & keep-in zone
— Vendor ICD

Design layout

— Compliance with interface requirements
— Assembly overview

— Assembly procedure

— Electrical/thermal accommodations
Mass properties/materials list

Drawing status

Risk assessment of machining & assembly
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Interface Requirements (1)  SwaLes

CRYOGENICS
& FLUIDS

« Accommodate mating interfaces
— Vacuum Case
» Eight #10-32 threaded inserts on 5.5” bolt circle for attachment
of Cryocooler Assembly
» 4” opening pass-through for Cryocooler Assembly
» Double o-ring design required with test port
— Passive Balance Mass
» Six #8-32 bolts on 3.910” bolt circle
— Evaporator Block
» 14 M4 bolts for both blocks
— Cryocooler
» Mating hardware shall conform to geometric features
» Six M5 helicoils on 2.704” bolt circle
Three M6 helicoils
Four M3 studs on 1.850” bolt circle
» Double o-ring design required at Cryocooler shaft (no test port
required)
Fill tube stay-out zone

W

>

L4

o
L4

b
A4

e Cryocooler assembly must fit within keep-in zone

9/9/02 8




Interface Requirements (2) SWALES
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* |ncorporate 400 series CRES in Boot for magnetic shielding of Cryocooler
(Lockheed spec calls out for Aluminum - CRES ok per waiver)

* Provide access and support for Loop Heat Pipe routing
— Allow for compliance during pump-down, launch and on-orbit
performance

» Surface roughness of 63 micro inches or better for all structural interfaces

 Mounting surfaces shall not be painted (Boot Flange at Vacuum Case
shall be primed with Super Koropon to prevent corrosion)

e All vacuum surfaces shall be cleaned, polished and protected with vacuum
grease (thin layer)

 Brackets
— Power lead connector support
— Temperature sensor lead connector support
— LHP transport line support (to be defined)
— Provide mounting locations for additional brackets

9/9/02 5
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Cryocooler Assembly

& . SWALES
Keep-in Zone REROSFPACE
Keep-in zone (defined by plane) 8 50

[127.0q]

requires that Balance Mass be
removed for transport

IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

x 610 {7.43)
,\,_w [155.00] ?mm,zﬁ

Vacuum Case

54.54
[1385.32]
FAQM CGENTER
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Compliance with Keep-in Zone SWALES

& FLUIDS

Shipping
Stay-out Zone

. (188.7 mm)

r _ .927" (23.5 mm)

Passive Balance Mass
Removed for Shipping 7

| t17.812°

9/9/02 12
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. Bsle7 . B89 i

% Support Housing | Flexure Bracket __ Mn_uummO MM_MQ A

© Torlon 5530 | Al 7075 |
_ | B8174
! B8166 | N - Boot Interface Plate

Ring Flexure -7 : | CRES410 |
- * \ ]

o
77

A A
@

NN

N
Y
l

/\wl\
I
N ; b ol Vi
N RN
VR NN\ Y N Bellows

= /z // T

| CRES 347 __

i

— - \\
X . .
.V—\k“hs\\.m‘wﬂ 1rlmu mm._ Nm

" Passive Balance | ] ”n 7 -_”
Mass _ N N Il Boot Flange
| | CRES 410 |
_ L
| B8165 B8164 B8163 _
Balance Mount : Pull Ring Evaporator Collar |
| Al 6061 ' Cryocooler Al 6061 OF Copper
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Design Layout (2) MALES

D
CRYUMINI S
& FLUIDS

. B8177 |
7 Blade Flexure

__ Evaporator Blocks not shown |

Ti-6Al-4V

B8178
i Pull Ring Shim
i Al 6061

7 Bolts {8X) for attachment | 7 BR168 ~
to Vacuum Case : | Stop Pad | Support Bracket |

~ Viton . NT7075 |

9/9/02 14
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SWALES
AEROSPACE

Assembly Fixture

Assembly — Step 1a
Cryocooler
Stop Pad (8X)

#10-32 Bolt (4X)

& FLUIDS

CODE 552
CRYOGENICS

* Attach Pull Ring and Evaporator Collar (with pads) to Cryocooler

e Attach Cryocooler Assembly to Assembly Fixture

Pull Ring

9/9/02




Assembly — Step 1b

OPE 552
CRYCUENICS
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SWALES
AEROSPACE

Nominal gap of 0.100” between Pull Ring and Collar
— Allows for loose Cryocooler tolerances
— Close gap to 0.010” max with peelable Pull Ring Shims

Collar includes 0.005” gap on internal surfaces for Nusil

9/5/02

16




¢0/6/6

e

smojjeg

samiy »

ale|d aoeuau| Joog

>
7
7
@
=
o
<
92,
=
®
O
N
O

9le|d adepalu| J00g 0} pue abue|4 100g 0] SMO|jog PIoM e

abuel4 1009

$90€|[d JN0} 18 SpN]s 18|0000A1)) 0} AlqUIBSSY SMO|jog YOBNY e

i

3dvdsodiy
SERE7NT

Ll




Assembly — Step 2b

LRYCGENICS
& FLUIDS

SWALES
AEROSPATCE

Bellows assembly welded off-line

Two o-ring groves on Boot Flange to allow for vacuum seal to
Cryocooler shaft

— No test port required

— Chamfer on Cryocooler required (not on ICD)

Boot Flange and Boot Interface Plate are CRES 410 for magnetic
shielding
— Sized to match off-the-shelf Bellows part

Bellows .
— Vendor identified: Senior Metal Bellows, division of Senior
Flexonics
— Welded design is less stiff, has longer life
— Off-the-shelf material is CRES 347
— Available in CRES 410 with increased expense
— Rated for 50 psi minimum pressure load

Weldability of CRES 410 to itself and to CRES 347 is low risk

9/9/02
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CODE 552
CRYOGENICS

FLUIDS

& 1

Test Port

Boot Housing

Double o-ring

M/W

. % -

Seal to
Vacuum Case
Weld

e Attach Boot Housing to Assembly Fixture
* Weld Boot Housing to Boot Interface Plate

19
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e Boot Interface Plate and Boot Housing
— Designed to accommodate three cut-offs and re- Em_a_:@m
(allows access to items internal to Boot Housing)

e Cryocooler cold tip is pneumatically sealed within vacuum case
for ground testing pressure differential

 Boot Housing includes test port to test inner o-ring seal
— Test fitting replaced with plug prior to launch
— Port, fitting and plug are standard design in accordance
with MS33649 (straight pipe thread)

« Use threaded inserts to attach Boot Housing to Assembly
Fixture to avoid scratching Boot Housing vacuum seal surface

9/8/02 20




Assembly — Step 4a SWALES

332
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MS9390 Blade Flexure (2X
Shear Pin (8X #6-32 Bolt (8X) (0.02” thick)
into Helicoil

)

e Attach two Blade Flexures to Evaporator Collar with shear pins and
bolts

9/8/02 21




Assembly — Step 4b SWALES
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e Blade Flexure | - i I
— Allows for motion only in Cryocooler thrust axis (£)
— Pinned to avoid misalignment at assembly and shifting
during launch
— Titanium provides excellent strength while minimizing the
thermal path

9/9/02 22




Assembly — Step 5 SWALES

CRYOGENICS

& FLUIDS

#6-32 Bolt (4X) i
(close tolerance) ; o
with nut on back-side (4X)

Fiexure Bracket (2X)

#10-32 Bolt (4X)
with temporary nut
on back-side

e Attach two Flexure Brackets to Blade Flexures to Boot Housing
* Close tolerance bolts minimize flexure shifting during launch

e Use nylon washers on back side of Boot Housing to avoid
scratching vacuum seal surface

9/9/02 23




Assembly — Step 6a
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#10-32 Bolt (4X)

Support Housing
into Heticoil : -

» Attach Support Housing to two Flexure Brackets

9/9/02
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Assembly — Step 6b SwaLES

CRYOU _-1.:. 3

& FLUIDS

e Support Housing
— Fabricated from Torlon (30% glass-filled Em::o_u_mmﬁ_ov to

reduce thermal path
_ Shell wall thickness 0.06” to reduce thermal path
— Torlon vendor identified: Boedecker Plastics, Inc.
» Properties defined for compression molded part
» Stock sizes large enough to manufacture part

9/9/02 25



Assembly — Step 7a SwALEg
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#8-32 Bolt (12X)
with nut (12X) on back-side
of Support Housing flange

Ring Flexure

* Attach Ring Flexure to Support Housing

9/9/02 26




Assembly — Step 7b SWALES

CODE 352
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e Ring Flexure o - |

— Allows for motion only in Cryocooler thrust axis (Z)

— Primary load path for Z-axis launch loads

— Titanium provides excellent strength with minimal thermal
path

— Geometry optimized to meet frequency requirements and
reduce stresses

» Minimum thickness is 0.016”
— Clears the Cryocooler fill tube

9/9/02 27




Assembly — Step 8 SWALES
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M5 Bolt (6X)
into Helicoil

Balance Mount

 Attach Balance Mount to Cryocooler and Ring Flexure (trapped)
e Balance Mount clears the Cryocooler fill tube

9/9/02
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Assembly — Step 9
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Passive Balance Mass

#8-32 Nut (6X)
on back-side
of Balance Mount

#8-32 Bolt (6X)

» Attach Passive Balance Mass to the Balance Mount

9/9/02
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Assembly — Step 10 ALES
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#6-32 Bolt (4X} #6-32 Bolt (4X)
into Helicoil Into Helicoil

Support Bracket (2X)

* Remove Cryocooler Assembly from the Assembly Fixture
* Attach Support Brackets between Boot Housing and Support
Housing

9/9/02 30




Assembly — Step 11
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AMS

« Install Cryocooler Assembly into Vacuum Case

n2 Vacuum Case

Cryocooler Assembly

#10-32 Bolt (8X)}
into Helicoil

31
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Assembly — Step 12 SwALES
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M4 Bolt (28X)
into Helicoil

Evaporator Block (2X)

 Attach Evaporator Blocks to the Cryocooler Assembly (requires
removal of Support Brackets)

9/8/02
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CRYCLENTCS

& FLUIDS

Power/Sensor
Connector Brackets

SWALES
AEROSPACE

Power Connector
Bracket

Sensor Leads

Power Leads

Sensor Connector
Bracket

9/9/02
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Electrical Terminations SWALES

Description

Device

Cable

Connector

Cooler Power

Sunpower M87
Cooler

2 strands 16
AWG

ITT Cannon 13 pin, round
MS27508E10F35S

Collar Temp Dallas 3 strands 24 | Airborn 15 pin, MM-222-015-
Sensor Semiconductor | AWG 261-22WD

DS18520
Body Temp Dallas 3 strands 24 | Airborn 15 pin, MM-222-015-
Sensor Semiconductor | AWG 261-22WD

DS18520

9/9/02
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Mass Properties Summary
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Weight Weight Weight
Drawing Part Titie per ltem Quantity of Quantity  of Quantity
— Number, (Ibs) A L) B
32153 EVAPORATOR COLLAR 1.54
Ba164 PULLRING  © o) Rt .
et e T ltems not included:
B3165 BALANCE MOUNT : 0.c9
e e e e 4 - — Connector Brackets for thermal
B8166 RING FLEXURE ) e
A : ] : sensors and power leads
B8167 SUPPORT HOUSING 0.54 1 054 0.24 —  Wiring
B8168 SUPPORT BRACKET 004 2 008 0.04 - W_mjxmﬁ_zm
88169 FLEXURE BRACKET : — LHP transport lines and brackets
o
" aapa | INTERFACE PLATE Parts associated with moving mass
BOOT e
" aerrs CEANGE, T T are highlighted
e e BOQE — Total moving mass = 13.5 Ibs
B&176 _
: BOOT Am._ _ADV
B8177 BLADE FLEXURE
BE178 SHIM
SUNPOWER CRYOCOOLER
BALANCE MASS .
BELLOWS : . !
EVAPORATORBLOCK | 033 ‘- = 2 0.66 “p3g”
MISCELLANEGUS ™~ ™ o T T U
(HARWARE, O-RINGS, ETC.) 0% A 050 02
TOTAL (NO CONTINGENCY) 17.2 7.8
9/9/02 35
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Drawing Status Summary

SWALES
AEROSPACE

~ Drawing -.Eﬂmzm_ ) ] _.mwo_.:‘ cas._:m . N
Number Drawing Title Specification Quantity Complete | Created Checked . Released
B8163 EVAPORATOR COLLAR o%w%%rw”ﬂ 1 X X X
BB164 PULL RING %M:ﬁ% 1 X X X
B8165  BALANCE MOUNT Mmﬂﬁ% 1 X X X

366 RING FLEXURE MMH__“@ 1 X X X
88167 SUPPORT HOUSING Mwhwﬂmwwwooa 1 X X X

88168 SUPPORT BRACKET Mﬁ_m_wﬁ% 2 X X X
e ABRESUCET g 2 KRR

| BSI70 ASSEMBLY FIXTURE Mmﬁ% | X

ST o
i POVRNESTE M |

BT Mﬂ%w Viton 8 X X X
L _zam»mﬂ%wwrzm_ | cREss0 X X X
B&175 mw@%m_ CRES 410 ! X X X
B8176 _._pr%uﬁm_ CRES 410 1 X X X
B8177  BLADE FLEXURE MHMH:@ 2 X X X
SR N ST S R
s O e 2
B0 oo conitR - d X

9/9/02
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| Risk Assessment of SwALES
Machining & Assembly

& FLLIDS

Drawing _ Material B i ) : i )
Number . . DrawingTile = _ i Specification | Quantity Manufacturability Technology Risk
EVAPORATOR COLLAR, " Copper Bar
B&163 1 Standard Low
; AMSO2 . C102-H04 :
1 1
PULL RING, Alurminum !
B8164 AMS02 6061-TB51 1 Standard Low
i
13 1
: BALANCE MOUNT, Aluminum
! s
88185 m AMSO2 ) R061-Te54 1 tandard Low
RING FLEXURE, Tanium  } e
B8166 AMSO2 TBAI4V 1 Crrmplex NDI Required Low
" Torlon 5530
BB167 | mc_u_uohy.“m_._ﬁmp_m_zm. Compression 1 Standard Low
. ' Molded :
L : . . - ! . - .. -
SUPPORT BRACKET, Aluminum
' { S
B8168 | AMS02 8061-T654 : 2 tandard Low
e _ : {
_ i X
FLEXURE BRACKET, Aluminum . :
B8169 ’ 2 Standard
AMSOZ 6061-TB51 anca Law
- i T - - T . .-
i PAD, Vito :
BB173 STOP n 8 Standard Low
AMSO2Z
, INTERFACE PLATE, B ¢ . Moderately susceptible to stress
B8174 BOOT - CHRES 410 : 1 - Standard _cofmosion cracking
‘ AMS02 i {Weld nsk mitigation
FLANGE, Moderately susceptible to stress
BB175 BOOT ¢ GRES 410 1 Standard icomosion cracking
AMS02 . Weld risk mitigation
s HOUSING, Moderately susceptible to stress
B8176 BOOT CRES 410 1 Standard cormrasion cracking
[ AMSO02 ; ) Weld nsk mitigation
i . 3 . :
| BLADE FLEXURE Titanium N =
B8177 N 2 izndard ND{ R red: L
_ AMS02 {0 TesAkav nea e o
i SHIN, L aumi T
BB178 | PULL COLLAR : mmMHq:mB 4 Standard Low
AMS02
3 ASSEMBLY,
B8180 CRYO COOLER -- ' 1 Standard Low
_ AMS02 . !

8/9/02 —




SWALES

AEROCOSPACE

Alpha Magnetic Spectrometer
(AMS-02) Cryocooler
Structural Analysis

Perry Wagner — Structural Analysis Group
Phone Number: 301-902-4527
Email: pwagner@swales.com

9/9/02
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£y Structural Analysis Introduction

CODES52
CRYQLFNICA
& FLUIDS

SWALES
AEROQOSPACE

e Structural requirements/load cases
— Loads/testing levels defined

e Material allowables
 Finite element model
e Analysis results
— Normal modes
— Maximum deflections
— Random vibration spec
» Margin of safety summary table

e Fracture classification

e Summary

9/5/02
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Structural Requirements (1)  SwaLes

D
CEYQGENIS
& FLUIDS

Fundamental Frequency
— Above 35 Hz (Shuttle requirement)
— Below 50 Hz in Cryocooler thrust axis (vibration isolation)

Quasi-static Loads

— X=+14.4G, Y=+3.6G, Z=+ 3.6G
— X=+3.6G, Y=+x14.4G, Z=+3.6G
— X=+3.6G, Y=+3.6G, Z=+14.4G

GEVS Workmanship Random Vibration Input
— Peak PSD = .04 G"2/Hz

— Overall Ggyg =6.8

— 60 seconds per axis

1 atmosphere pressure differential (ground test)

9/9/02
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Structural Requirements (2) SwaLes

& FLUIDS

« Factors of Safety
— Yield =1.25
— Ultimate = 2.0

e Fracture classification of all parts required
— 3 launch/landings
— 3 operational years plus 2 contingency years on ISS

 Miscellaneous
— No kick-load requirement
— Limit Cryocooler travel during launch to +0.12"

9/9/02 41




Loads/Test Definition (1) SWALES

CRYOLENICS
& FLUIDS

« Lockheed-Martin analysis/test approach (email dated 12/21/01):
— Analyze to reduced quasi-static loads 14.4/3.6/3.6 (reduced
from 40/10/10)
— Analyze to trunnion random vibration levels (3.2 Ggys)
» No load amplification and some damping due to AMS-02
» No acoustic loads on Cryocooler assembly
— Test to GEVS workmanship random vibration levels
» Use this test as a qualification test
— Use yield and ultimate factors of safety of 1.25/2.0 (reduced
from “no-test” factors of 2.0/2.6)
— NASA/JSC has provided preliminary approval of above
approach

 Higher loads require stops to limit deflections
— Non-linear random analysis shows high impact loads at
stops, Support Housing and Brackets

9/9/02 42




SWALES

AEROSPACE

Loads/Test Definition (2)

& FLUIDS

Updated structural requirements:
— Use reduced quasi-static loads (14. L\w 6/3.6)

— Adopt lower factors of safety (1.25/2.0)
— Analyze to GEVS workmanship random vibration levels (6.8

mm_smV
— Test to GEVS workmanship random vibration levels
— Recommendation: Perform sine burst to 18.0G’s (1.25 * 14.4)

for qualification in all three axes
Ry Sen ,L.s,l_m.. 0125

Yok acessord
<

7.0

9/9/02




Material Allowables SALES

: Modulus | Density Ftu Fty Fsu ' Fbru Fbry
Material = Specification (Msi) (Ibsfin*3) ~  (ksi) = (ks)) = (ks) | (ksi) = (ksi)

Aluminum _ . :
6061-T651 AMS-QQ-A-225/8 | 10.0 M. 0.098 42 | 35 27 | 67 Am,

Ti6A4V | MIL-T-9046 . 162 0160 : 130 | 420 - 79 . 206 164

.........................................................................................................................................................................................................................................

Torlon 5530 N/A o8 | 0089 15 .- | -- -

U URPRPUPY SIS SPWPIPPRI SRR Sy - S Rt EE T TR P TR RIS

CRES410 : ASTMA276 | 305 . 0287 | 70 | 40 | - - -

OF Copper  ,cmrrcrzms | amr | aoa oaa - oae o ea

C102-Ho4 ASTM B152M 17.0 0323 . 43 35 28 -- --

Stress corrosion cracking not considered to be an issue
e Aluminum 6061-T6 and Ti-6Al-4V are in accordance with MSFC-STD-
3029, Table I.
CRES 410 is classified as Table I
— Stresses are low
— Requires MUA waiver
Torlon is a glass-filled composite
Oxygen-free copper is not classified in MSFC-STD-3029

9/9/02 Ad




20/6/6

Sy

H—

O 5

Do
o)

3 a

o)

E

35

Q@ P

=3

D

0N

7

=

—

W

o

o

(V)]

se pajapow abuej{ j00g pue Buly |ind ‘JejjoD Jojelodea] ‘18j0000A1D

|
.|

sse|y pue
Junojy souele

alnxa|4 bury

SamTE =

- ‘EugsnoH yoddng

AN
\\||‘III i

(Xz) 19%08Ig 21nxs|4

" (x2) 194oe2g Hoddng

(X2) einxs}d spe|g |

Alquiessy jo0g

[

SOINIDOAHD

[2POAl JUsWs|3 |ajul
Ajgwassy 19]0020A1)

JIVdSO0HAY
STIVING




¢0/6/6

1174

apouwi BulAlp 18]0000A10) ZH 09 SA0JE ||9M BJB SSpOoW J8ap.o 18yBiH .

UCHE[SURLL [EIOL (609 S IPaUL0) (]
ZH THS9S°TH 1 3paAl 12§ nding

AT

i
X
A ey

iunanannant
i
ligraanan

pot 4

T

e —"
o
fod

sixe-7 ul Bune|sueJ) ssew 18]0000A10 — ZH £f SI @powl 1S4l

SainTd ®

7Y

I\ 30RO

<
O
q
=
D
=
O
o
D
7
Y
D
7
c
=
7

3V dS0DH3IV
SIS




Deflection Results SWALES

CRICLENILS
& FLLIDS

 Maximum predicted deflection of the Cryocooler in the Z-axis
due to:
— 1 atmosphere pressure differential (ground test) is 0.016”
— Quasi-static loads (3.6/3.6/14.4) is 0.078”
— Random vibration spec is 0.087"
— Sine burst testing is 0.098”

e Max Cryocooler deflection is below 0.12” allowable

9/9/02 47
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Random Vibration Analysis

SWALES
AEROSPACE

TTI

|
W 0.1 -
“ PSD \ﬂ 7//
| (M)
.
1 n H ! ﬁ
0.001 n_ . L
“ 10 100 Frequency 1000
_ (Hz)

10000

Random Vibration Spec

Miles Equation:

e~ 2 Yrsols )

2

« PSD (at f = 43 Hz) = 0.021 g?/Hz
» Assume Q =20

Equivalent 16.0G static load

9/9/02
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COIE 552

Margin of Safety
Summary Table

SWALES
AEROSPACE

CRYGLENIC S
& FLUIDS
Component Critical Altowable (ksi) | Minimum Margin of Safety - ‘Associated
Description Material Faiiure Mode Load Case Yield Ultimate Yield Ultimate _ Stress (psi)
Pull Ring 6061-T651 : Flange Bending  Assembly Pre-load 35 42 +4.83 +3.37 m 4,803
Balance Mount m\oz-q[mﬂ : m.m.:%l tamh wml-.m .M o +I_M_._| I+I_om|. !.A. SM
) | R e (144736138 | i S
Ring Flexure Ti-6AR4V Bending Random Vibration 120 130 {084 | 4025 52,085
L o ... _ws [ S S
Support Housin Torlon 5530 Flange Bending Launch - 15 - a4 1,329
ipporTiolsTg 0 e 9 (36138/144) - e
Flexure Bracket 6061-T651 ' Flange Bending | Launch s 42 +2.24 +143 8,642
Todm R . ; Tong 9 (361144138 R T
Support Bracket 6061-T651  Fiange Bending m%amwm“ﬁ_g 3B +1.28 +0.71 12,280
Boot Assembly CRES410 | Flange Bending xma%e,mw%g 40 70 +HIGH +HIGH 3,540
Blade Flexure Ti-6A-4V Bending xmamﬁmmaﬁ_g 120 130 +1.02 +0.37 47,581

Stresses are low in Evaporator Collar and Connector Brackets
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Fracture Classification
Summary Table
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Resistance to Fracture
Component Material Stress Corrosion : Control Fracture
Description _ Cracking , Classification . Critical?

Pull Ring . 6061-TB51 High Low Risk Fracture Part No

Balance Mount 6061-T651 , High - Low Risk Fracture Part No

Ring Flexure Ti-6Al-4V High Safe-Life Fracture Part Yes

Support Housing Torlon 5530 High . Low Risk Fracture Part No

Flexure Bracket @ 6061-T651 High Low Risk Fracture Part . No

Support Bracket 6061-T651 High Low Risk Fracture Part No
Boot Assembly ~ CRES410 Medium Low Risk Fracture Part No

Blade Flexure Ti-6AI-4V High Safe-Life Fracture Part Yes

Evaporator Collar OF Copper C101 High Low Risk Fracture Part No
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Analysis Summary SwaLES

CRYOGENILS
& FLUIDS

Cryocooler assembly meets all structural requirements
 Fundamental frequency in Z-axis is 43 Hz
» Positive margin of safety demonstrated for all parts due to quasi-
static and random vibration load cases
— Minimum margin of safety is +0.25 in Ring Flexure

» Maximum expected deflection is less than the allowable gap

e Sine burst test recommended for qualification testing
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AMS Thermal Analysis
Topics
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 Requirements
 Thermal Design

e Nodal Diagram

e Thermal Properties
 Conductance Values

e Predicted Performance
e  Summary/Conclusions
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AMS Thermal Analysis SwALES
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S Requirements

 Requirements
— Cooler dissipation 100 W (95 W at ring, 5 W in body)
— Conductance from cooler to mounting surface <(0.01 W/K

— Conductance from cooler to evaps. viaCu collar >16.66 W/K ... AT<6K
— Heat transfer from cooler body to Cu collar ~ 5 W transport, AT < 2 K
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AMS Thermal Analysis SwALES

Thermal Design: Basic Approach

AEROSPACE

Nusil I/F Material
Foil* I/F Material

*unspecified

6Al-4V Ti Flexure

(thermal isolator,
soft flexure)

6Al-4V Titanium Ring

Mounting Interface

(double o-ring seal)

% (moderately stiff flexure)

w ANNN m
) / N
//ﬁh/,/ﬁ//,,. \ \| Torlon Cylinder
,//: (thermal isolator)
L1 /” ] /.,/./V, h |
7 TS Evaporator Interface
N / i wm_ (thermal conductor)
i j i
N L_ m
\“_N_[ ”' /\“ rm
; WNRNENINNN Z4S
Sonsaton )/ N w_ﬂuzo A_u: om__m”
ermal conductor
\“m,////// _m“_ A v
= N ==
/ Stainless Steel Bellows
] / e (Welded) Assembly
m/,g {thermal isolator, double

o-ring seal to cooler)
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AMS Thermal Analysis SwWALES

AEROSPACE

e Thermal Design: Key Components
6Al-4V Titanium Ring Stainless-Steel BellowsAssembly
3 ]
OFHC Cu Collar 6A1-4V Titanium Flexure Torlon Cylinder
x| | <
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AMS Thermal Analysis

SWALES
. AERDSPACE
Nodal Diagram
Nodal Diagram
G1 5W
C1 = Cooler bottom
G2 " C2 = Cooler top
oﬂwq_m“ ﬂ G E = Evaporator I/F
yan j M = Mounting I/F
G3 G* = Internal cooler
G7 O\ Copper i
SS Bellows Collar coupimg
G** = Coupling of cooler
G4 G5 top to Cu collar
Nusil I/F Nusil I/F

Material Material
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AMS Thermal Analysis

Thermal Properties

& FLUIDS

SWALES
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e Thermal Properties at 300 K

— Ti (6A1-4V) k=7.5W/mK

— Stainless Steel k=15W/mK

— Cu (OFHCO) k=400 W/m K

— Torlon k =0.36 W/m K (30% glass filled)
— Nusil (I/F material) h=7.5W/in’K

— Foil* (I/F Material) h=10 W/in? K

*type of foil unspecified
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Conductance
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 Component Geometry
— Ti Ring thinnest section: OD =4.4",ID =3.8",t =0.016"
— Torlon Cylinder thinnest section: ID =4.4", L =2.238", t = 0.060"
— Copper Bracket Pro-E --> STEP file --> FEMAP --> direct conductance calc.

— Cooler /F internal surface: D =2.5", W=0.75"
— Evaporator I/F single surface: L. =3.937", W = 1.181", 2 surfaces
— Ti Flexure single blade: L =1.182", W =0.25", t =0.020", 4 blades

— St. Stl. Bellows 1/2 convolution: OD =2.25",ID =1.5", t = 0.016", 30 half convols.

e (Conductance

— TiRing Gl =2xnkt/In(OD/ID) =0.13 W/K
— Torlon Cylinder G2=kn(D+20)t/L =0.0035 W/K
— Copper Bracket G3 =26.8 W/K
— Cooler I/F G4d=hnDW =442 W/K
— Evaporator I/F G5=2hLW =93.0 W/K
— Ti Flexure G6=4kWt/L =0.0032 W/K
— St. Stl. Bellows G7=(1/30)2nkt/In (OD/ID) =0.0031 W/K
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Predicted Performance
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e Predicted Performance

— Conductance from cooler to mounting surface = 0.0097 W/K vs.< 0.01 W/K reqt.
= Path 1: (1/G1 + 1/G2)*-1 = 0.0034 W/K
= Path2: G6 =0.0032 W/K
» Path 3: G7 =(.0031 W/K
= Paths 1-3 in parallel = 0.0097 W/K

— Conductance from cooler to evap. via Cu collar = 14.1 W/K vs. > 16.66 W/K reqt.

»  Path 1: G4 =44.2 W/K
=  Path 2: G3 =26.8 W/K
= Path 3: G5 =93.0 W/K
=  Paths 1-3 in series =14.1 W/K

— Provide coupling from cooler body to Cu collar to transport 5 W with <2 K AT
* Two possible heat transfer paths
= First path is via can that clamps Cu collar to cooler

= Second path is gap between Cu collar near evaporators and cooler
= Gap can be filled with Nusil ... cross-sectional area several square inches

Those two paths will provide the needed coupling (> 3 W/K with Nusil-filled gap)
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i Summary/Conclusions
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e  Summary

— Conductance from cooler to mounting surface 0.0097 W/K vs. < 0.01 W/K reqt.
— Conductance from cooler to evaporators via Cu collar 14.1 W/K vs. >16.66 W/K reqt.
— Coupling from cooler body to Cu collar >>3 W/K

e (Conclusions

— Isolation between cooler and mounting interface is acceptable
— AT between cooler and evaporator surface expected to be 95/14.1 =6.7 K (vs. 6.0 reqt.)
— AT can be reduced by

=  Attaching Cu collar to cooler with higher performance I/F material

"  Attaching evaporators to Cu collar with higher performance I/F material

» Increasing conductance of Cu collar via embedding higher conductance material

within collar (perhaps APG) or possibly by embedding miniature heat pipes within collar
= Above options were not pursued due to their added complexity and higher risk
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Alpha Magnetic Spectrometer
(AMS-02) Cryocooler

Appendix
(Back-up Slides)
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AMS-02 Vacuum Case

SWALES
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CRYOCOOLER PORT

Pl

e

CRYOCOOQLER ACCESS PORT

OUTSIDE VIEW
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CRYOQUENIDS

AMS-02 Vacuum Case (2)

SWALES
AEROSPACLCE

& FLUIDS
2 ws2s
e 54540 [zres]
{1385.3] .
188 FROM MAGHET CENTER g — - -
o M, 8500 | «\\\v 7 _
! 190-32UN .
[ts7) " sa] i —
BX 45.4° COMICAL FLANGE :
.l/'x B OB ———— e r— s
s sso ,A,\M..m. \\ 0 - ATTACKMENT T
[ee] /__,. \ 7/ SPOTEACE \.aml & o an .
S W S J63 - [tssq] ‘
( VXE\ . - \\\\ \\§ : N—2xR 005
_ P S S SN St - ¥ | | x—— - ‘ 3]
YR | AN : \ \ g 4ame
| . @ 400 @ 4000 ““m“ . [ 164
S R S—4 ) [o1g] ﬂ _ _ 458
S [etd] 075 ! ﬁi
s ' 40
/ 2
7 \ \ s - O-RING BROOVE DETAIL
\ 1
e % ey

pu- OUTER {YLINDER
ATTACHVERT

28984

{6580

=+ 2 DIMENSION

PARKER O-RING 2-244
0-AMS GATOVES ON MATING PART

PARKER G-RING 2-248

A TING n_uSwn_smz._.\\ /’

/|pv33 AING

O-RING BROCVE TEST PORT

e Eight #10-32 threaded inserts on 5.5” bolt circle for attachment of

Cryocooler to Vacuum Case

e Double O-ring design defined
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@ 105506
[2674.9]
.
] []
R
- 10) ————e -——————————— & 109.256 R
[157.5] 51540 [z776.1]
5,000 7.000
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_ ! _ — 1875 |- — 2600 (=-a— \
MS51830CA202L MS51830!
250-Z8UNF-32 [47.6] [E2.9] J50-28U
I
MAXIMUM FOOTPRINT FOR - 000 .
OUTS:DE OF VACUUM CASE MOUN TING HARDWARE [1z7.9]

INSIDE OF VACUUM CASE
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cGaal
173 1m

U NITS: INCHES 217 C aged Balancer

TERIet 60al 5T AR BANCS
e A% 20 B01) 286-4a18

aty Aa. SAX 2 005 Fay301)2ds-1637
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Balance Mount |
Load Case: Launch (14.4/3.6/3.6)

- 1076.

5

N o
o

Peak Stress
Output Set: MSC/NASTRAN Case 5 7.7
Contour. Plate Top VonMses Stress, Phite Bot VonMses Stress
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Ring Flexure | | | 08
Load Case: Random Vibration (Z-axis) Peak Stress - -

4003,

15780, |

Output Set: MSC/NASTRAN Case 19 3654,
Contour Plate Top VonMses Stress, Phate Bot VonMses Stress
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Support Housing -
Load Case: Launch (3.6/3.6/14.4)

1329,

Peak Stress

1240,

LTl

Heb
3664

286.1

K/ﬁ\N | -
‘ 1356

Output Set: MSC/NASTRAN Case 14 454
Contour: Plate Top VonMses Stress. Plate Bot VonMses Stess
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Flexure Brackets | o
Load Case: Launch (3.6/14.4/3.6)

- 8642

NERLE

Peak Stress

|

Output Set: VBC/NASTRAN Case
Contour: Plate Top VonMses Stress. Plate Bot VonMses Stress
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- Support Brackets o
Load Case: Random Vibration (Y-axis)

Peak Stress

L.

Output Set: MSC/NASTRAN Case 18
Contour: Plite Top VonMses Stiess, Plate Bot VonMses Stress
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Boot Assembly ‘ . ‘
Load Case: Random Vibration (Y-axis)

Peak Stress

Output Set: MSC/NASTRAN Case 18
Contour, Plate Top VonMses Stress, Phite Bot VonMses Stress
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FEM Stress Analysis Results (7) SwaLes

Blade Flexure
Load Case: Random Vibration (Z-axis)

47581

Peak Stress NETSE

11011 b |
11944,

8974,

=

Output Set: MSC/NASTRAN Case 19 64.61
Contour: Plate Top VonMses Stress, Plate Bot VonMses Stress
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